Background. Parathyroid hormone (PTH) levels in African-American (AA) chronic kidney disease (CKD) patients exceed those in patients of other races; mechanisms are unknown. Methods. We performed a cross-sectional analysis of initial laboratory data collected on 2028 CKD patients (505 AA) from US practices using a laboratory CKD service. Serum calcium (Ca), phosphorus (P), 25-hydroxyvitamin D (25-D) and plasma PTH levels were compared between the two groups. Results. Mean PTH for AA exceeded PTH for non-AA in Stages 2-5 (P < 0.001, all four stages). 25-D levels were higher for non-AA in Stages 1-3 (P < 0.001). Serum Ca and P did not differ between groups at any stage. Full adjustment for these variables using multivariable generalized linear modeling did not remove the effect of AA race: AA PTH values exceeded non-AA values in CKD Stages 2-5 (P < 0.02, all four stages). Serum Ca, P and 25-D were all inversely correlated with PTH levels irrespective of race, but all factors combined accounted for ∼42% of the variance in PTH. Conclusions. PTH rises with progressive CKD stage far more in AA than in non-AA patients, and only a moderate component of the rise in PTH is explained by changes in serum Ca, P and 25-D in either group. These findings
Introduction
It is well known that serum calcium (Ca) [1, 2] , phosphorus (P) [1] [2] [3] [4] and 25-hydroxyvitamin D (25-D) [5] [6] [7] [8] influence parathyroid hormone (PTH) level in chronic kidney disease (CKD) and that changes in these three factors can account for some of the increase in PTH [1] [2] [3] [4] [5] [6] [7] [8] . To this list, one can add 1, 25-dihydroxyvitamin D (1,25-D) [2, 9] and fibroblast growth factor 23 (FGF-23) [9] [10] [11] [12] as well as age [13, 14] , male sex [14] , absence of diabetes [14] [15] [16] and African-American (AA) race [13, 14, 17] . The last of these seems to confer a selective worsening of secondary hyperparathyroidism as CKD progresses, but the reasons for this effect are unknown. To date, only three studies have specifically addressed the matter, and they vary among themselves in terms of population selection and range of variables considered [13, 14, 17] .
Our focus here is to add evidence bearing on the high PTH of AA CKD patients derived from a wide variety of US private practices, both in primary care and in nephrology. Our hypothesis is that the effect of AA race on PTH, adjusted for several relevant clinical measures, is robust enough that it can be detected in such an unselected population. Our analysis, along with prior studies, leads to the conclusion that the racial effect is consistent, large and only partially explained by the usual measurements available in clinical practice.
Materials and methods

Patients
For this cross-sectional analysis, we studied 2028 patients drawn from 170 unselected US primary care (112) and nephrology (58) practices making use of a convenient laboratory-based CKD service (Litholink Corporation, Chicago, IL, a subsidiary of LabCorp) from September 2008 through October 2010. As part of the service, the order form includes a query about demographic information, diabetic status and medication use. This information was provided by the practices to a variable extent. For this study, we selected only those patients for whom we could ascertain sex, age and race. We excluded patients known to be taking phosphate binders and active vitamin D analogs. In 58% of the cases studied, we could ascertain from the practices that patients were not taking either medication. In the remaining 42% of cases, medication use was unknown. For each patient, we selected the first complete set of laboratory data that contained creatinine for calculation of estimated glomerular filtration rate (eGFR), serum Ca, P and 25-D and plasma PTH all drawn on the same day. Only one set of laboratory results per patient was utilized for this analysis. PTH was analyzed using Roche reagent on a Roche Elecsys or COBAS E platform. 25-D was analyzed with the Diasorin Total D reagent on the Diasorin Liason instrument. Serum Ca and P were analyzed with Roche reagent.
All laboratory data were ordered for clinical management and treatment decisions were at the discretion of the ordering clinician. eGFR calculations were made using the Modification of Diet in Renal Disease study equation and were corrected for AA race. CKD stage was assigned based upon the level of eGFR. Because clinicians chose to enroll patients in the Litholink CKD program, it was assumed that the diagnosis of CKD was made a priori by the clinician based upon available clinical data. No patient in Stage 5 received renal replacement therapy. Review exemption was granted from Western Institutional Review Board, Olympia, WA.
Analysis
We concerned ourselves with PTH, Ca, P, 25-D and eGFR. For each variable, we visually inspected the distribution of values using conventional probability plotting ( p plot) and made use of standard tests for normality. Of the five variables, only Ca displayed reasonable normality, both within CKD stage and across all five CKD stages. Therefore, we log-transformed the remaining four variables and inspected them in the same manner. Although none of the four was strictly normal using conventional testing, their p plots were reasonably linear and therefore, we have used log-transformed values for this work. To make the results visually clear, we took the inverse logarithms and presented the results as standard numbers. Confidence limits were calculated from the log values and used to create 68% (1 SEM) intervals around mean values for plotting purposes. Comparisons of Ca, P, 25-D and PTH across CKD stages and between AA and non-AA patients within CKD stages were performed using Tukey's significant difference test (Figure 1 ).
We performed stepwise multivariable regression analysis with PTH as the dependent variable and eGFR, Ca, P, AA group, the cross product of AA group with eGFR and 25-D as independent variables. We also inspected the individual effects of eGFR, Ca, 25-D and P, by AA group, on PTH by creating four general linear models in which PTH was the dependent variable and CKD stage or pentiles of Ca, 25-D or P were categorical variables. For each model, the effect of the categorical variable was assessed adjusting for the other remaining continuous variables. AA group as well as the cross product of AA group with the categorical variable were included in the model so that comparisons of PTH between AA groups could be made for each pentile of the variable of interest. The values in Figure 2 represent the least square means by AA group: each model occupies one panel of the figure. Post hoc comparisons of PTH across pentile variables and between AA and non-AA patients were made within each model using Tukey's significant different test ( Figure 2 ). These analyses were performed using log-transformed data, except for Ca, and conventional software (SYSTAT Software, Inc., San Jose, CA).
Results
For both AA and non-AA groups (Table 1) , patients in Stage 1 were younger than those in other stages. Mean age was higher in Stage 2 versus 1 and in Stage 3 versus 2. Prevalence of diabetes among AA patients exceeded non-AA patients: 37 versus 31% known diabetic, 34 versus 45% non-diabetic and 28 versus 23% not ascertained (χ 2 = 18, P < 0.001). As expected, PTH values were higher with increasing CKD stage ( Figure 1 , upper left panel); differences were significant (P < 0.001) for both groups between successive stages beginning at Stage 2. Values for AA exceeded non-AA in Stages 2-5 (P < 0.001, all four stages). Values exceeded the laboratory normal level (65 pg/mL) in Stages 4 and 5 for non-AA and 3-5 for AA. A supplemental analysis of variance was performed including only the relatively few (n = 1137) patients known to be not taking phosphate binders or active vitamin D. In that analysis (not shown), we could confirm significant differences between AA and non-AA PTH levels for Stages 2-4; 
Multivariable analysis
Because Ca, P, eGFR and 25-D affect one another through well-established physiological pathways, we performed multivariable regression analysis in order to determine their individual effects on PTH. In a stepwise analysis with PTH as dependent, eGFR was the leading covariate as judged by the F ratio ( Table 2 ). The next variable to enter the model was 25-D, followed by AA group and Ca, whose F ratios were very similar. Diabetes, P and sex each entered the model but with very small effects on the R 2 . Although the negative values for the standardized coefficients between PTH and Ca, eGFR and 25-D accord with physiological expectations, the signs of the standardized coefficients can be influenced by multiple correlations within the model and should not be interpreted mechanistically. The coefficient for the AA group was also negative, which was due to the interaction between AA and eGFR. Because there was a smaller percentage of AA patients at the later stages of CKD in this study and high PTH values correlate with later stages of CKD, being non-AA will correlate with higher PTH even though within a given stage, mean PTH values for AA exceeded those of non-AA. The significant cross product of AA and eGFR substantiates that AA status affects the interaction between PTH and eGFR, i.e. that within a given CKD stage, PTH will be higher in AA patients.
Compared to eGFR, the individual contributions of all other variables, as judged by the incremental increase of square multiple R (R 2 , Table 2 ), though significant, were of modest quantitative magnitude. The total R 2 for the model was 0.417, indicating that all these variables together accounted for ∼42% of the variation in PTH in these patients. The high tolerance values for all variables except for the AA group and the cross product of the AA group with eGFR indicate that each variable contributed in an independent manner. Age did not enter the model with significant effects.
Given these results, we inspected the individual effect of eGFR, Ca, 25-D and P, by AA group, on PTH adjusting for the other variables using four general linear models (Materials and methods). Mean PTH values adjusted for Ca, 25-D and P were higher with increasing CKD stage (Figure 2 Table 3 , the F ratios further quantify the relative contribution of each variable within each of these models. In this model, the largest contributor was CKD stage (Table 3) . Phosphorus had an extremely modest effect (F = 7), meaning it accounted for a tiny fraction of the variance. The steeper slope of PTH on CKD for AA versus non-AA (Figure 2 , upper left panel) was significant based upon the F value of the cross product of AA group by CKD stage (Table 3) .
For both AA and non-AA groups, PTH values were lower at higher Ca levels after full adjustment (Figure 2 , upper right panel). For AA, PTH in the lowest Ca pentile exceeded that of all other pentiles, there was no progression of PTH change between subsequent pentiles. For non-AA, no two adjacent pentiles differed; however, any two non-adjacent pentiles differed significantly (P < 0.05). Adjusted PTH values for AA exceeded those for non-AA in all except the second pentile (P < 0.05). In this model, eGFR and 25-D had the greatest effects on PTH (Table 3) .
For both AA and non-AA groups, PTH values were lower at higher 25-D levels after adjustment for eGFR, Ca and P (Figure 2, lower left panel) . In both groups, PTH for the lowest pentile of 25-D exceeded values in the remaining pentiles. However, we did not detect lower PTH values with successive pentiles from the second through the fifth. Adjusted values for AA exceeded non-AA in all pentiles (P < 0.05). The largest covariate was eGFR (Table 3 ). 25-D had a detectable effect on PTH even after adjusting for the extremely large effects of eGFR, Ca and AA, but the effect arose mainly from the lowest 25-D pentile.
For both groups, we could detect a slight effect of P pentile on PTH (Table 3) . However, there were no significant changes between pentiles of each group taken separately (Figure 2, lower right panel) . In all pentiles, values for AA exceeded those of non-AA (P < 0.01, all 
Discussion
Our main result is that PTH levels are higher with increasing CKD stage and this phenomenon is more marked in AA than in non-AA patients. Only a moderate component of the effects of CKD stage and AA race is accounted for by alterations in serum Ca, 25-D and P. Of note, age had no effect on either the AA-non-AA difference or the effect of CKD on PTH. Sex and diabetes had detectable but extremely minor effects. However, we could ascertain diabetic status only in 72% of AA cases and in 77% of non-AA cases.
Ca metabolism in AA versus non-AA differs in subjects with normal renal function [18, 19] . In a study of subjects on a controlled low Ca (400 mg) diet, PTH and 1,25-D values of AA exceeded non-AA, while Ca and P did not differ [18] . In a study of healthy subjects from the National Health and Nutrition Examination Survey (NHANES), PTH was less responsive to 25-D in the range >20 ng/mL in Blacks compared to Whites [19] . Therefore, racial differences in CKD may well represent a pathological exaggeration of mechanisms that are present even in the normal condition. [17] . Our differences reached significance only in Stages 1-3, but mean 25-D levels were below normal at all stages of CKD.
All four studies agree that PTH is higher in AA despite multivariable adjustments and that eGFR is a significant covariate [13, 14, 17] . Ca [13] , P, 25-D [17] , age [14] , sex [14] and diabetes [14] were variably significant from study to study. Since the racial difference is not explained by differences in Ca, P, 25-D and eGFR, perhaps it may reflect effects of hormones such as FGF-23 and Klotho, which were not measured in this study. FGF-23 has been shown to increase progressively as early as Stage 2 CKD [11] . Gutierrez et al. [20] found that AA and non-AA patients had similar levels of FGF-23 and PTH both in health and in CKD, but AA patients had lower fractional excretions of phosphate, suggesting a racial difference in sensitivity to phosphaturic stimuli. A recent paper by Isakova et al. [21] suggests that higher values of FGF-23 may be found in AA CKD patients versus other races. By contrast, in dialysis patients, FGF-23 levels are significantly lower in AA than in non-Hispanic White patients [22] is a gauge of the total variation in PTH accounted for by the model. Values (except for adjusted R 2 ) are F ratios, which measure the relative effect of the variable on PTH in the model. F ratios for the cross product of AA with the column variable are in parentheses in the AA row; this quantifies the difference in slope of PTH on the column variable between AA and non-AA. F ratios for the column pentile variable are in parentheses in the header of the column. All entered F values reflect significant contribution (P < 0.01) except for the AA cross products of 25-D and P. NA, not applicable.
and PTH levels are higher [23] [24] [25] [26] . The role of FGF-23 in racial differences of PTH requires further study.
The effect of AA race on PTH is persuasive because these four studies analyzed different patient populations, yet came to the same conclusion. De Boer et al. [13] studied patients in one academic nephrology practice. The KEEP population (Vassalotti et al. [14] ) arose from a national voluntary screening program. Gutierrez et al. [17] studied patients from the SEEK cohort which was drawn from community-based practices across the USA. Our population was also drawn from practices across the USA, relying only on the voluntary interest of particular physicians.
Our study has important limitations. Diet was unknown. No urine data were available and therefore, fractional reabsorptions and other indices of renal tubule function could not be gauged. We had medication information in only 58% of cases. We did not know socioeconomic status, body mass index (BMI) and smoking status, although smoking affects serum PTH values in healthy young women [27] and BMI correlates with PTH level in CKD patients and healthy women [14, 27] . Due to the cross-sectional nature of this study, patients may have been at various stages of treatment of CKD mineral bone disorder. Consequently, the ability to generalize about the natural history of CKD and its implications on mineral metabolism is limited. Despite this variability, which we would expect to obscure our findings, we are able to detect a racial effect on PTH.
Overall, CKD increases PTH more in AA than in non-AA patients. Our study is the first to show that this difference is apparent as early as Stage 2. Our study further suggests that neither the rise in PTH itself nor the difference between races can be fully accounted for by eGFR, Ca, P or 25-D. This matter is important because PTH is used as a gauge of CKD mineral bone disorder, a gauge that can drive therapeutic interventions. Almost certainly, the weight of evidence suggests that use of this gauge must be selective in relation to AA race, an issue that has not yet been addressed in any clinical guidelines.
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